
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  587   4 5 5   A 2  

12 EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number  :  93307200.1 

(22)  Date  of  filing  :  13.09.93 

©  int.  ci.5:  F02P  17/00,  G01M  15/00,  
F02P  15 /00  

(30)  Priority:  11.09.92  JP  243069/92 
18.08.93  JP  204030/93 
24.08.93  JP  209144/93 

(43)  Date  of  publication  of  application 
16.03.94  Bulletin  94/11 

@  Designated  Contracting  States  : 
DE  FR  GB  IT 

©  Applicant  :  NGK  SPARK  PLUG  CO.,  LTD 
14-ban,  18-gou  Takatsuji-cho  Mizuho-Ku 
Nagoya-shi  (JP) 

(72)  Inventor  :  Miyata,  Shigeru,  c/o  NGK  SPARK 
PLUG  CO.,  LTD. 
14-ban,  18-gou,  Takatsuji-cho 
Mizuho-ku,  Nagoya-shi  (JP) 
Inventor  :  Ito,  Yasuo,  c/o  NGK  SPARK  PLUG 
CO.,  LTD. 
14-ban,  18-gou,  Takatsuji-cho 
Mizuho-ku,  Nagoya-shi  (JP) 

©  Representative  :  Senior,  Alan  Murray  et  al 
J.A.  KEMP  &  CO.,  14  South  Square  Gray's  Inn 
London  WC1R  5LX  (GB) 

©  Misfire  detector  using  different  methods  for  high  and  low  engine  speeds. 

CM 
<  
If) 
If) 
"<t 
h- 
00 
If) 

(57)  In  a  misfire  detector  device  for  internal  com- 
bustion  engine,  an  ignition  coil  is  provided  to  be 
on-off  actuated  by  a  primary  current  interrupter, 
circuit,  each  end  of  the  ignition  coil  being 
connected  to  a  spark  plug  installed  in  each 
cylinder  of  an  internal  combustion  engine.  A 
peak  voltage  detector  circuit  detects  a  peak 
voltage  applied  across  the  spark  plug  elec- 
trodes  after  an  end  of  spark  action  of  the  spark 
plug.  A  peak  voltage  value  distinction  circuit 
recognizes  a  misfire  when  a  voltage  level 
exceeds  a  predetermined  level  which  is  detec- 
ted  by  the  peak  voltage  detector  means  after  an 
end  of  spark  action  of  the  spark  plug  upon 
running  the  internal  combustion  engine  at  a 
high  speed.  A  distinction  circuit  recognizes  a 
variation  of  angles  detected  by  the  crank  angle 
sensor  so  as  to  determine  the  misfire  when  the 
variation  of  angles  exceeds  a  predetermined 
value  upon  running  the  internal  combustion 
engine  at  a  low  speed. 
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This  invention  relates  to  a  misfire  detector  device 
for  detecting  a  misfire  in  an  internal  combustion  en- 
gine  on  the  basis  of  a  peak  voltage  appeared  across 
the  spark  plug  electrodes  after  the  end  of  its  spark 
discharge  action. 

With  the  recent  requirement  of  improved  fuel  ef- 
ficiency  and  cleaner  emissions  from  automobile  en- 
gines,  it  has  been  necessary  to  introduce  a  misfire  de- 
tector  device  which  is  able  to  detect  firing  conditions 
in  each  cylinder  of  the  internal  combustion  engine  in 
order  to  effect  a  misfire  prevention  countermeasure. 
On  misfire,  ionized  current  is  less  likely  to  flow 
through  a  spark  gap  because  of  absence  of  ionized 
particles  between  the  electrodes  of  the  spark  plug. 
With  normal  combustion,  the  ionized  current  is  likely 
to  flow  through  a  spark  gap  because  of  presence  of 
the  ionized  particles  between  the  electrodes  of  the 
spark  plug.  Therefore,  it  is  found  that  the  spark  plug 
voltage  level  applied  across  the  spark  plug  increases 
after  the  end  of  spark  action  of  the  spark  plug  when 
the  misfire  occurs  in  the  cylinder  of  the  internal  com- 
bustion  engine  compared  to  the  case  in  which  the 
normal  combustion  is  continuously  carried  out.  By 
making  use  of  the  increase  of  the  spark  plug  voltage 
level  (referred  to  as  a  peak  voltage  value  distinction 
method),  it  is  possible  to  detect  the  misfire  in  the  cy- 
linder  of  the  internal  combustion  engine. 

However,  upon  running  the  internal  combustion 
engine  with  a  low  speed  range,  the  stepped-up  level 
of  the  spark  plug  voltage  reduces  after  the  end  of  the 
spark  action  of  the  spark  plug.  For  this  reason,  the 
misfire  detection  accuracy  reduces. 

On  the  other  hand,  it  is  known  that  the  crank  an- 
gle  varies  depending  on  the  occurrence  of  misfire.  A 
crank  angle  variation  distinction  method  has  been  de- 
veloped  to  detect  the  misfire  on  the  basis  of  variations 
of  the  crank  angles.  It  is,  however,  difficult  to  accu- 
rately  detect  the  misfire  particularly  upon  running  the 
internal  combustion  engine  with  a  high  speed  range 
because  the  crank  moves  smoothly,  and  the  crank 
angle  substantially  remains  unchanged  when  a  single 
misfire  occurs  in  the  respective  cylinder  of  the  inter- 
nal  combustion  engine. 

In  the  meanwhile,  a  voltage  appears  across  the 
spark  plug  electrodes  after  the  end  of  the  spark  ac- 
tion  due  to  an  electrical  energy  stored  in  the  second- 
ary  circuit  of  the  ignition  coil.  A  peak  voltage  after  the 
end  of  the  spark  action  is  compared  to  a  reference 
voltage  level  so  as  to  distinguish  the  misfire  from  the 
normal  combustion.  This  is  because  the  voltage 
across  the  spark  plug  electrodes  changes  depending 
on  an  ion  density  existing  mainly  between  the  spark 
plug  electrodes.  For  this  purpose,  a  moulded  conduc- 
tor  is  provided  around  the  cable  connecting  between 
the  spark  plug  and  the  distributor  to  form  a  static  ca- 
pacitance  so  as  to  detect  a  voltage  across  the  spark 
plug  electrodes.  The  voltage  is  compared  to  a  voltage 
value  integrated  in  an  integral  circuit  during  a  prede- 

termined  time  period  including  the  spark  discharge 
duration  period  in  order  to  determine  the  misfire  in  the 
cylinder.  The  moulded  conductor,  however,  is  not  pro- 
vided  in  each  cylinder  of  the  internal  combustion  en- 

5  gine.  The  voltage  from  the  conductor  probe  serves  as 
a  signal  corresponding  to  each  cylinder  in  relation  to 
the  ignition  timing  of  each  cylinder.  The  voltage  thus 
detected  is  uniquely  determined  as  only  one  refer- 
ence  level  irrespective  of  the  different  cylinders. 

10  However,  it  is  found  that  the  spark  plug  voltage 
appearing  after  the  end  of  the  spark  action  is  different 
depending  on  not  only  the  geometrical  configuration 
of  the  electrode  and  the  spark  gap  between  the  elec- 
trodes,  but  also  swirl  currents  in  the  combustion 

15  chamber  of  each  cylinder  in  which  the  spark  plug  is 
installed.  In  the  misfire  detector  device  in  which  a  cer- 
tain  reference  value  is  predetermined  to  detect  the 
misfire  irrespective  of  the  conditions  in  the  cylinder  of 
the  internal  combustion  engine,  it  is  necessary  to  pro- 

20  vide  the  reference  value  with  a  certain  tolerance  so 
as  not  inadvertently  to  indicate  misfire  on  the  basis  of 
the  detected  level  of  the  spark  plug  voltage  in  each 
cylinder  of  the  internal  combustion  engine. 

Therefore,  it  is  one  of  the  aims  of  embodiments 
25  of  the  invention  to  provide  a  misfire  detector  device 

for  internal  combustion  engine  which  is  capable  of  ac- 
curately  detecting  misfire  over  a  wide  speed  range  of 
an  internal  combustion  engine  so  as  to  contribute  to 
cleaner  emissions  and  improved  fuel  efficiency. 

30  It  is  also  one  of  the  aims  of  embodiments  of  the 
invention  to  provide  a  misfire  detector  device  for  an  in- 
ternal  combustion  engine  which  is  capable  of  detect- 
ing  misfire  substantially  independently  of  the  geomet- 
rical  configuration  of  the  electrode,  the  spark  gap  be- 

35  tween  the  electrodes  and  the  swirl  current  in  the 
combustion  chamber  of  the  cylinder  in  which  the 
spark  plug  is  installed. 

According  to  a  first  aspect  of  the  present  inven- 
tion,  there  is  provided  a  misfire  detector  device  for  in- 

40  ternal  combustion  engine  comprising:  an  ignition  coil 
which  is  on-off  actuated  by  a  primary  current  inter- 
rupter  circuit,  one  end  of  the  ignition  coil  being  con- 
nected  tea  spark  plug  installed  in  each  cylinder  of  an 
internal  combustion  engine;  a  peak  voltage  detector 

45  means  which  detects  a  peak  voltage  applied  across 
the  spark  plug  electrodes  after  an  end  of  spark  action 
of  the  spark  plug;  a  peak  voltage  value  distinction 
means  which  recognizes  a  misfire  when  a  voltage  lev- 
el  exceeds  a  predetermined  level  which  is  detected  by 

so  the  peak  voltage  detector  means  after  an  end  of 
spark  action  of  the  spark  plug  upon  running  the  inter- 
nal  combustion  engine  at  a  high  speed;  a  crank  angle 
sensor:  and  a  crank  angle  variation  distinction  means 
which  recognizes  a  variation  of  angles  detected  by 

55  the  crank  angle  sensor  so  as  to  determine  the  misfire 
when  the  variation  of  angles  exceeds  a  predeter- 
mined  value  upon  running  the  internal  combustion 
engine  at  a  low  speed. 
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According  to  a  second  aspect  of  the  present  in- 
vention,  there  is  provided  a  misfire  detector  device  for 
internal  combustion  engine,  wherein  the  dual-polarity 
type  distributorless  igniter  is  provided  in  which  each 
end  of  secondary  circuit  of  the  ignition  coil  is  connect- 
ed  to  the  spark  plug,  and  the  peak  voltage  value  dis- 
tinction  means  recognizes  the  misfire  by  comparing 
a  voltage  level  detected  by  the  peak  voltage  detector 
means  after  the  end  of  the  spark  action,  to  a  voltage 
level  applied  across  the  spark  plug  of  which  cylinder 
is  in  an  exhaust  stroke  after  the  end  of  the  spark  ac- 
tion  at  the  time  when  a  difference  of  the  two  voltage 
levels  exceeds  a  predetermined  value. 

According  to  a  third  aspect  of  the  present  inven- 
tion  there  is  provided  a  misfire  detector  device  for  in- 
ternal  combustion  engine,  wherein  the  peak  value 
distinction  means  recognizes  the  misfire  by  compar- 
ing  a  voltage  level  detected  by  the  peak  voltage  de- 
tector  means  after  the  end  of  the  spark  action  of  the 
same  spark  plug  of  which  cylinder  is  in  a  compression 
stroke  to  a  voltage  level  detected  in  the  secondary  cir- 
cuit  after  the  end  of  the  spark  action  of  the  spark  plug 
of  which  cylinder  is  in  the  exhaust  stroke  following  the 
compression  stroke  via  an  explosion  stroke  at  the 
time  when  a  difference  of  the  two  voltage  levels  ex- 
ceeds  a  predetermined  value. 

According  to  a  fourth  aspect  of  the  present  inven- 
tion  there  is  provided  a  misfire  detector  device  for  in- 
ternal  combustion  engine,  wherein  the  peak  voltage 
value  distinction  means  recognizes  the  misfire  by 
comparing  a  voltage  level  detected  by  the  peak  vol- 
tage  detector  means  after  the  end  of  the  spark  action 
of  the  spark  plug  of  which  cylinder  is  in  a  compression 
stroke  to  a  voltage  level  detected  after  the  end  of 
other  spark  plug  of  which  cylinder  is  in  the  exhaust 
stroke  in  synchronization  with  the  compression 
stroke  at  the  time  when  a  difference  of  the  two  step- 
ped-up  voltage  levels  exceeds  a  predetermined  val- 
ue. 

According  to  a  fifth  aspect  of  the  present  inven- 
tion  there  is  provided  a  misfire  detector  device  for  in- 
ternal  combustion  engine  comprising:  an  igniter  hav- 
ing  an  ignition  coil  which  is  on-off  actuated  by  a  pri- 
mary  current  interrupter  circuit,  one  end  of  the  igni- 
tion  coil  being  connected  to  a  spark  plug  installed  in 
each  cylinder  of  an  internal  combustion  engine;  a 
peak  voltage  detector  means  which  is  connected  to 
detect  a  peak  voltage  across  electrodes  of  the  spark 
plug  after  an  end  of  spark  action  of  the  spark  plug;  a 
peak  voltage  average  means  which  individually  deter- 
mines  an  average  value  of  the  peak  voltage  detected 
by  the  peak  voltage  detector  means  in  each  cylinder 
of  the  internal  combustion  engine  after  the  end  of  a 
plurality  of  the  spark  actions  of  the  spark  plug;  a  ref- 
erence  value  determining  means  which  individually 
determines  a  reference  value  in  each  cylinder  of  the 
internal  combustion  engine  on  the  basis  of  the  aver- 
age  value  determined  by  the  peak  voltage  average 

means;  and  a  comparator  means  which  compares  the 
peak  voltage  individually  detected  by  the  peak  vol- 
tage  detector  means  to  the  reference  value  individual- 
ly  determined  by  the  reference  value  determining 

5  means  so  as  to  detect  a  misfire  in  each  cylinder  of  the 
internal  combustion  engine. 

According  to  a  sixth  aspect  of  the  present  inven- 
tion  there  is  provided  a  misfire  detector  device  for  in- 
ternal  combustion  engine  comprising:  an  igniter  hav- 

10  ing  an  ignition  coil  which  is  on-off  actuated  by  a  pri- 
mary  current  interrupter  circuit,  one  end  of  the  Igni- 
tion  coil  being  connected  to  a  spark  plug  installed  in 
each  cylinder  of  an  internal  combustion  engine;  a 
peak  voltage  detector  means  which  is  connected  to 

15  detect  a  peak  voltage  across  electrodes  of  the  spark 
plug  after  an  end  of  spark  action  of  the  spark  plug;  a 
peak  voltage  average  means  which  individually  deter- 
mines  an  average  value  of  the  peak  voltage  detected 
by  the  peak  voltage  detector  means  in  each  cylinder 

20  of  the  internal  combustion  engine  after  the  end  of  a 
plurality  of  the  spark  actions  of  the  spark  plug:  an 
average  value  averaging  means  which  averages 
average  values  of  a  plurality  of  the  cylinders  except 
a  specified  cylinder  so  as  to  obtain  a  comparative 

25  average  value;  a  comparator  means  which  individual- 
ly  compares  the  average  value  of  the  specified  cylin- 
der  determined  by  the  peak  voltage  average  means 
to  the  comparative  average  value  of  the  average  val- 
ue  averaging  means  so  as  to  detect  a  misfire. 

30  With  the  ingenious  use  of  the  peak  voltage  value 
distinction  method  which  assures  a  high  misfire  de- 
tection  accuracy  within  a  high  speed  range  and  the 
crank  angle  variation  distinction  method  which  as- 
sures  a  high  misfire  detection  accuracy  within  a  low 

35  speed  range,  it  is  possible  to  accurately  detecting  the 
misfire  within  an  entire  speed  range  of  the  internal 
combustion  engine. 

By  comparing  the  spark  plug  voltage  level  in 
which  the  spark  effectively  ignites  the  air-fuel  mixture 

40  to  the  spark  plug  voltage  level  in  which  the  spark  is 
wasted  uselessly  in  an  exhaust  stroke,  it  is  possible 
to  detect  the  difference  of  the  two  spark  plug  voltage 
levels  to  determine  the  misfire.  This  makes  it  possible 
to  accurately  detect  whether  the  misfire  occurs  with 

45  minimum  data  since  a  spark  voltage  waveform  is  ana- 
lyzed  under  the  circumstances  in  which  variation  of 
the  spark  voltage  waveform  remains  significantly 
small  irrespective  of  ther  running  condition  of  the  the 
internal  combustion  engine. 

so  By  comparing  the  spark  plug  voltage  level  in 
which  the  spark  effectively  ignites  the  air-fuel  mixture 
to  the  spark  plug  voltage  level  in  which  the  spark  is 
wasted  uselessly  in  an  exhaust  stroke  within  the 
same  cylinder,  it  is  possible  to  compare  the  two  spark 

55  plug  voltage  levels  after  the  end  of  the  spark  action 
substantially  under  the  same  running  conditions  so 
as  to  insure  the  accurate  misfire  detection. 

By  simultaneously  establishing  the  spark  plug 
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voltage  level  in  which  the  spark  effectively  ignites  the 
air-fuel  mixture  to  the  spark  plug  voltage  level  in 
which  the  spark  is  wasted  uselessly  in  an  exhaust 
stroke,  it  is  possible  to  compare  the  two  spark  plug 
voltage  levels  after  the  end  of  the  spark  action  sub- 
stantially  under  the  same  running  conditions  so  as  to 
insure  the  accurate  misfire  detection. 

With  a  provision  of  the  peak  voltage  detector 
means,  the  voltage  across  the  spark  plug  is  peak  held 
in  each  cylinder  of  the  internal  combustion  engine  af- 
ter  the  end  of  the  spark  action,  and  the  average  of  the 
peak  voltages  is  obtained  in  each  cylinder  of  the  in- 
ternal  combustion  engine  after  the  end  of  a  plurality 
of  the  spark  actions.  In  this  instance,  the  peak  vol- 
tage  detector  means  may  directly  detect  the  peak  vol- 
tage  in  the  secondary  circuit  of  the  ignition  coil  in  each 
cylinder  of  the  internal  combustion  engine.  Alterna- 
tively,  the  peak  voltage  detector  means  may  detect 
the  peak  voltage  in  the  primary  circuit  of  the  ignition 
coil  in  each  cylinder  of  the  internal  combustion  en- 
gine.  Even  when  only  a  single  sensor  is  provided  as 
the  peak  voltage  detector  means,  a  voltage  from  the 
sensor  is  used  as  the  spark  plug  voltage  detected  in 
each  cylinder  of  the  internal  combustion  engine  by 
timely  dividing  the  voltage  in  synchronization  with  the 
ignition  timing  signals.  The  peak  voltage  in  each  cy- 
linder  is  detected  to  insure  the  average  of  the  peak 
voltage  in  each  cylinder  after  the  end  of  the  spark  ac- 
tion. 

On  the  basis  of  the  average  value  of  the  peak  vol- 
tage  individually  obtained  in  each  cylinder,  the  aver- 
age  value  multiplied  by  a  constant  number  is  deter- 
mined  as  a  reference  value  in  each  cylinder,  and  the 
reference  value  is  compared  to  the  peak  voltage  held 
after  the  end  of  the  spark  action.  On  the  basis  of  the 
comparison,  it  is  detected  whether  or  not  the  misfire 
occurs  in  each  cylinder  of  the  internal  combustion  en- 
gine. 

In  the  case  in  which  the  misfire  occurs  consecu- 
tively  only  in  a  specified  cylinder  while  carrying  out  a 
multitude  of  spark  actions  repeatedly,  it  is  difficult  to 
precisely  detect  the  misfire  only  by  comparing  the  ref- 
erence  value  and  the  peak  voltage  because  the  vol- 
tage  detected  in  the  specified  cylinder  consecutively 
remains  high.  In  this  instance,  the  average  value  of 
the  peak  voltage  in  the  specified  cylinder  remains  ex- 
ceedingly  high  compared  to  that  of  the  peak  voltage 
in  other  cylinders  of  the  internal  combustion  engine. 
Since  the  average  value  of  the  peak  voltage  detected 
in  each  cylinder  is  determined  after  the  end  of  the 
spark  action  to  present  the  reference  value,  it  is  pos- 
sible  to  determine  the  reference  value  presented 
herein  independent  of  the  geometric  configuration  of 
the  spark  plug  electrodes,  the  sparkgap  between  the 
electrodes  and  the  swirl  current  in  each  cylinder  of 
the  internal  combustion  engine.  As  a  result  that  the 
reference  value  obtained  is  pertinent  to  each  cylinder, 
it  is  possible  to  precisely  detect  the  misfire  by  com- 

paring  the  reference  value  to  the  peak  voltage  in  each 
cylinder  of  the  internal  combustion  engine. 

With  the  provision  of  the  comparative  average 
value  obtained  by  averaging  the  average  value  of  the 

5  peak  voltage  in  other  cylinders  except  for  a  specified 
cylinder,  the  average  value  of  the  peak  voltage  in  the 
specified  cylinder  is  compared  to  comparative  aver- 
age  value  to  distinguish  the  average  of  the  average 
value  in  other  cylinders  from  the  average  value  in  the 

10  cylinder  in  which  the  misfire  occurs.  This  makes  it 
possible  to  specify  the  cylinder  in  which  the  misfire 
occurs.  Even  in  the  case  in  which  the  misfire  occurs 
consecutively  in  the  specified  cylinder,  and  rendering 
it  difficult  to  accurately  determine  the  average  value, 

15  it  is  possible  to  specify  the  cylinder  in  which  the  mis- 
fire  occurs  by  comparing  the  average  value  in  the 
specified  cylinder  to  the  comparative  average  value 
obtained  by  averaging  the  average  value  of  the  peak 
voltage  in  other  cylinders  except  for  the  specified  cy- 

20  linder. 
The  invention  will  be  further  understood  from  the 

following  description  when  taken  together  with  the  at- 
tached  drawings,  which  are  given  byway  of  examples 
only,  and  in  which: 

25  Fig.  1  is  a  schematic  view  of  an  ignition  circuit  of 
a  dual-polarity  type  distributorless  igniter  device 
for  an  internal  combustion  engine  in  which  a  mis- 
fire  detector  device  is  incorporated  according  to 
a  first  embodiment  of  the  invention; 

30  Fig.  2  is  a  view  of  spark  plug  voltage  waveforms. 
shown  for  the  purpose  of  explaining  an  operation 
of  the  misfire  detector  device; 
Fig.  3  is  a  view  similar  to  Fig.  2  according  to  a  sec- 
ond  embodiment  of  the  invention; 

35  Fig.  4  is  a  schematic  view  of  a  distributor  type  ig- 
nition  circuit  for  an  internal  combustion  engine  in 
which  a  misfire  detector  device  is  incorporated 
according  to  a  third  embodiment  of  the  invention; 
Fig.  5  is  a  view  of  spark  plug  voltage  waveforms 

40  for  the  purpose  of  explaining  an  operation  of  the 
misfire  detector  device  according  to  the  third  em- 
bodiment  of  the  invention; 
Fig.  6  is  a  schematic  view  of  an  ignition  circuit  for 
an  internal  combustion  engine  in  which  a  misfire 

45  detector  device  is  incorporated  according  to  a 
fourth  embodiment  of  the  invention; 
Fig.  7  is  a  block  diagram  of  the  misfire  detector 
device  is  incorporated  according  to  the  fourth 
embodiment  of  the  invention;  and 

so  Fig.  8  is  a  view  of  peak  voltage  signals  and  an  in- 
cidence  distribution  showing  for  the  purpose  of 
explaining  how  the  misfire  detector  device  works 
according  to  the  fourth  embodiment  of  the  inven- 
tion. 

55  Referring  to  Fig.  1  which  shows  a  dual-polarity 
type  distributorless  igniter  device  100  incorporated 
into  a  four-cylinder  internal  combustion  engine  (E). 
The  igniter  device  100  has  two  ignition  coils  1,  2.  To 

4 
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negative  and  positive  spark  plug  voltage  terminals 
1a,  Ibofthe  ignition  coil  1,  spark  plugs  11,  12are  con- 
nected  respectively  which  are  installed  in  first  and 
fourth  cylinder  H1,  H4  of  the  internal  combustion  en- 
gine  (E).  To  negative  and  positive  spark  plug  voltage 
terminals  2a,  2b  of  the  ignition  coil  2,  spark  plugs  21, 
22  are  connected  respectively  which  are  installed  in 
second  and  third  cylinder  H2,  H3  of  the  internal  com- 
bustion  engine  (E). 

Each  primary  circuit  L1  of  the  ignition  coils  1,  2  is 
connected  to  a  vehicular  power  source  V  and  a  pri- 
mary  current  interrupter  means  4.  Each  secondary 
circuit  L2  of  the  ignition  coils  1,  2  is  connected  at  one 
end  1a,  2a  to  the  spark  plugs  11,  21  by  way  of  cables 
11a,  11c,  and  connecting  at  the  other  end  1b,  2b  to 
the  spark  plugs  12,  22  byway  of  cables  11b,  11  d.  In 
the  proximity  of  each  of  the  cables  11a  ~  11d  through 
which  a  spark  plug  voltage  is  applied  across  the 
spark  plugs,  a  voltage  divider  probe  5  is  placed.  To 
the  voltage  divider  probe  5,  a  spark  plug  voltage  de- 
tector  circuit  6  is  connected  to  detect  a  spark  voltage 
level  applied  across  each  of  the  spark  plugs.  To  the 
spark  plug  voltage  detector  circuit  6,  a  peak  value  dis- 
tinction  circuit  7  is  connected  to  determine  in  what  cy- 
linder  a  misfire  occurs  by  comparing,  peak  values  of 
the  spark  voltage  waveform  appeared  between  the 
spark  plug  electrodes. 

The  primary  current  interrupter  means  4  has  a 
switching  element  41  and  a  signal  generator  42  con- 
trolled  by  an  engine  control  unit  (ECU)  which  detects 
a  crankangle  and  throttling  degree,  and  on-off  actuat- 
ing  the  primary  circuit  of  the  ignition  coils  1,  2  to  ap- 
propriately  correspond  an  ignition  timing  to  an  ignition 
advancement  angle  depending  on  the  load  and  revo- 
lution  speed  of  the  internal  combustion  engine  (E). 
The  voltage  divider  probe  5  has  high  and  low  impe- 
dance  elements  51,  52.  The  high  impedance  element 
51  is  placed  around  each  of  the  cables  11a  ~  11d  be- 
tween  the  secondary  circuit  L2  of  the  ignition  coil  and 
the  spark  plugs.  The  low  impedance  element  52  is 
connected  from  a  common  point  Co  of  the  cables  11a 
~  11d  to  the  ground.  The  high  impedance  element  51 
acts  as  a  conductor  sensor  arranged  to  form  a  1pF 
static  capacity  between  the  conductor  sensor  and 
each  of  t  he  cables  1  1  a  ~  1  1  d.  The  low  impedance  ele- 
ment  52  serves  as  a  3000  pF  capacitor  to  divide  the 
spark  plug  voltage  in  the  secondary  circuit  by  the  or- 
der  of  1/3000.  In  parallel  with  the  capacitor  52,  500  kQ 
resistor  53  is  connected  to  form  a  CR  path.  With  the 
provision  of  the  voltage  divider  probe  5,  the  maximum 
of  30000  V  is  reduced  to  the  level  of  10  V  which  is  in- 
putted  to  the  spark  plug  voltage  detector  circuit  6.  The 
spark  plug  voltage  detector  circuit  6  has  a  peak  circuit 
61  which  is  reset  in  cynchronization  with  an  output 
signal  from  the  signal  generator  42,  and  receives  a 
sampling  signal  from  the  engine  control  unit  (ECU)  to 
detect  a  peak  hold  value  at  a  certain  elapse  of  time 
after  a  primary  current  interrupter  signal  is  transmit- 

ted  so  as  to  detect  a  stepped-up  voltage  level  across 
the  spark  plug  electrodes  after  the  end  of  the  spark 
action  of  the  spark  plug.  Upon  determining  the  mis- 
fire,  the  peak  value  distinction  circuit  7  compares  a 

5  peak  hold  value  P1  after  the  end  of  the  spark  action 
to  a  peak  hold  value  P2  after  the  end  of  the  spark  ac- 
tion  which  is  uselessly  wasted  in  the  exhaust  stroke 
of  the  cylinder.  Then  the  peak  value  distinction  circuit 
7  determines  the  misfire  when  the  peak  hold  value  P1 

10  is  greater  than  two  times  of  the  P2  (P1  >  2P2). 
Numeral  8  designates  a  crank  angle  speed  detec- 

tor  means  which  detects  a  crank  angle  and  a  rotation- 
al  position  of  a  crank  shaft  of  the  internal  combustion 
engine  (E).  Numeral  9  designates  a  crank  angle 

15  speed  variation  distinction  circuit.  The  crank  angle 
speed  detector  means  has  a  toothed  wheel  82  attach- 
ed  to  a  shaft  81  which  moves  in  association  with  the 
crank  shaft,  and  having  a  crank  angle  speed  sensor 
83  which  detects  a  rotational  position  and  an  angular 

20  speed  of  the  toothed  wheel  82.  The  crank  angle 
speed  sensor  83  is  made  by  utilizing  a  magnetic  or 
photoelectronic  element. 

The  crank  angle  speed  variation  distinction  circuit 
determines  the  misfire  as  follows: 

25  The  misfire  is  determined  when  the  difference  of 
(Ri-Rh)  exceeds  a  predetermined  value. 

Where  T360  is  a  time  required  for  the  crank  shaft 
to  move  a  single  rotation  measured  by  the  crankangle 
speed  sensor  83  at  an  upper  dead  point  in  each  cy- 

30  linder  of  the  internal  combustion  engine  (E), 
T90  is  a  time  required  to  move  a  certain  crank 

angle  (e.g.  90  CA)  after  the  end  of  the  spark  action 
in  each  cylinder  of  the  internal  combustion  engine  (E), 

R  is  T90/T360, 
35  Ri  is  R  at  the  time  of  initially  measuring 

T90/T360, 
Rh  is  an  average  value  of  R's  obtained  during 

a  certain  period  of  time  after  initially  measuring 
T90/T360. 

40  To  the  engine  control  unit  (ECU),  output  signals 
each  from  the  crank  angle  speed  variation  distinction 
circuit  9  and  the  peak  value  distinction  circuit  7  are 
fed.  The  engine  control  unit  (ECU)  determines  the 
misfire  on  the  basis  of  the  output  from  the  peak  value 

45  distinction  circuit  7  when  running  the  internal  com- 
bustion  engine  (E)  in  the  high  speed  range,  while  the 
engine  control  unit  (ECU)  determines  the  misfire  on 
the  basis  of  the  output  from  the  crankangle  speed  va- 
riation  distinction  circuit  9  when  running  the  internal 

so  combustion  engine  (E)  in  the  low  speed  range.  When 
running  the  internal  combustion  engine  (E)  in  the  in- 
termediate  speed  range,  the  engine  control  unit 
(ECU)  determines  the  misfire  on  the  basis  of  the  out- 
put  from  both  or  one  of  the  crank  angle  speed  varia- 

55  tion  distinction  circuit  9  or  the  peak  value  distinction 
circuit  7  so  as  to  inform  an  operator  of  the  misfire  to 
check  or  diagnose  the  internal  combustion  engine 
(E).  In  this  instance,  the  peak  value  distinction  circuit 

5 
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7  compares  the  peak  hold  value  P1  after  the  end  of 
the  spark  action  to  the  peak  hold  value  P2  after  the 
end  of  the  spark  action  of  the  spark  plug  of  which  cy- 
linder  is  in  the  exhaust  stroke  following  the  explosion 
stroke  so  as  to  determine  the  misfire  when  the  peak  5 
hold  value  P1  is  greater  than  two  times  of  the  peak 
hold  value  P2  (e.g.  P1  >  2P2). 

With  the  structure  thus  far  described,  the  signal 
generator  42  produces  a  pulse  signal  to  on-off  ac- 
tuate  each  primary  coil  of  the  ignition  coils  1  ,  2  so  as  10 
to  flow  a  pulse-like  primary  current  in  the  primary  cir- 
cuit  as  shown  at  (1a)  in  Fig.  2.  Across  each  of  the 
spark  plugs  11,  21,  22,  12  installed  in  the  first  ~ 
fourth  cylinders  H1  ~  H4,  the  spark  plug  voltage  is 
applied  as  shown  at  (2a)  in  Fig.  2.  The  spark  dis-  15 
charge  voltage  waveform  (A)  has  a  high  and  short  vol- 
tage  waveform  portion  (A1)  due  to  capacitive  dis- 
charge,  and  sustaining  a  gentle  voltage  waveform 
portion  (A2)  due  to  inductive  discharge  following  the 
high  voltage  wave  form  portion  (A1)  to  culminate  a  20 
peak  voltage  portion  (A3)  near  the  end  of  the  spark 
action  of  the  spark  plugs. 

A  spark  discharge  waveform  (B)  appears  after 
the  end  of  the  spark  action  of  the  spark  plug  of  which 
cylinder  is  in  the  exhaust  stroke,  is  substantially  ana-  25 
logous  to  the  spark  discharge  voltage  waveform  (A) 
except  for  the  1/2  scale.  The  the  spark  discharge  vol- 
tage  waveform  (A)  appears  generally  in  synchroniza- 
tion  with  the  spark  discharge  waveform  (B),  but  the 
latter  is  initiated  earlier  than  the  former  because  of  30 
the  low  pressure  of  the  cylinder. 

As  shown  at  (3a)  in  Fig.  2,  the  voltage  detector 
circuit  6  receives  a  peak  hold  reset  signal,  and  totaling 
a  voltage  waveform  appeared  in  the  spark  plug  of  the 
first  cylinder  H1  and  an  inverted  voltage  waveform  35 
appeared  in  the  spark  plug  of  the  second  cylinder  H2. 
This  makes  it  possible  to  appear  a  peak  hold  voltage 
waveform  of  the  spark  plug  voltage  stepped-up  in  the 
spark  plug  after  the  end  of  its  spark  action  as  shown 
at  (4a)  in  Fig.  2.  In  the  same  manner,  the  voltage  de-  40 
tector  circuit  6  totals  a  voltage  waveform  appeared  in 
the  spark  plug  of  the  third  cylinder  H3  and  an  inverted 
voltage  waveform  appeared  in  the  spark  plug  of  the 
fourth  cylinder  H4  so  as  to  produce  a  peak  hold  vol- 
tage  waveform  as  shown  at  (5a)  in  Fig.  2.  Each  level  45 
of  the  peak  hold  voltage  waveforms  is  detected  by  the 
sampling  signal  generated  by  the  engine  control  unit 
(ECU),  as  shown  a  (6a)  in  Fig.  2.  The  peak  value  dis- 
tinction  circuit  7  compares  the  first  totaled  waveform 
(4a)  and  the  second  totaled  waveform  (5a)  every  50 
other  single  unit  wave  so  as  to  determine  the  misfire 
when  one  of  the  waveforms  is  higher  than  twice  the 
other  (e.g.  level  L). 

In  a  second  embodiment  of  the  invention,  the 
spark  plug  voltages  are  simultaneously  established  in  55 
the  two  spark  plugs  connected  to  the  same  ignition 
coil.  One  is  on  the  basis  of  the  explosion  stroke,  and 
other  is  on  the  basis  of  the  exhaust  stroke.  The  peak 

value  distinction  circuit  7  compares  the  two  spark 
plug  voltage  levels,  and  the  polarity-opposed  spark 
plug  voltages  are  totaled.  The  peak  value  distinction 
circuit  7  determines  the  misfire  when  the  peak  hold 
value  Po  of  the  totaled  voltage  level  exceeds  a  pre- 
determined  value.  The  voltage  detector  circuit  6  totals 
the  voltages  across  the  spark  plugs  each  installed  in 
the  cylinders  H1  ~  H4  as  shown  at  (7a)  in  Fig.  3.  The 
totaled  voltage  is  inverted  in  the  negative  side  to  de- 
tect  the  peak  hold  voltage  as  shown  at  (8a)  in  Fig.  3. 
In  this  instance,  the  peak  value  distinction  circuit  7 
compares  the  peak  hold  value  to  an  integration  of  the 
peak  hold  value  multiplied  by  a  constant  number  (e.g. 
2  to  obtain  the  level  L),  and  determines  the  misfire 
when  the  peak  hold  value  exceeds  the  level  L. 

According  the  embodiments  of  the  invention,  the 
spark  plug  voltage  levels  are  compared  which  are  ap- 
peared  simultaneously  or  before  and  after  the  ignition 
timing  by  effectively  utilizing  the  characteristics  of  the 
dual-polarity  type  distributorless  igniter  device  100. 
Upon  detecting  the  misfire,  this  makes  it  possible  to 
obviate  experimental  test  data  which  correspond  the 
spark  plug  voltage  level  to  the  running  conditions  of 
the  internal  combustion  engine  (E). 

Fig.  4  shows  a  third  embodiment  of  the  invention 
in  which  a  distributor  type  ignition  device  1  01  is  incor- 
porated  into  the  four-cylinder  internal  combustion  en- 
gine  (E).  In  this  instance,  the  corresponding  refer- 
ence  numerals  in  Fig.  4  are  identical  to  those  in  Fig. 
1. 

Numeral  3  designates  a  single-polarity  type  igni- 
tion  coil,  numeral  31  a  distributor,  and  numeral  53  a 
voltage  divider  circuit  which  divides  a  voltage  in  a  pri- 
mary  circuit  of  the  ignition  coil  3  by  resistors  54,  55. 
Numeral  62  is  a  peak  value  detector  circuit  which  de- 
tects  the  voltage  of  the  voltage  divider  circuit  53,  and 
maintains  the  peak  hold  of  the  detected  voltage  de- 
pending  on  the  signal  from  the  signal  generator  42. 
Numeral  71  is  a  misfire  distinction  circuit  which  de- 
tects  the  misfire  by  comparing  the  reference  level 
with  the  peak  hold  value  maintained  by  the  peak  val- 
ue  detector  circuit.  As  shown  in  the  third  embodiment 
of  the  invention,  the  single-polarity  type  ignition  coil 
3  is  used  in  the  ignition  device  101  with  the  distributor 
31  attached,  voltage  across  electrodes  of  a  spark 
plug  10  is  determined  by  detecting  a  voltage  across 
the  primly  circuit  of  the  ignition  coil  3.  As  a  result,  a 
stable  zero  voltage  of  the  voltage  divider  circuit  53  is 
obtained  so  that  the  misfire  distinction  circuit  readily 
determines  the  misfire  by  comparing  the  peak  value 
of  the  peak  value  detector  circuit  62  with  the  refer- 
ence  level. 

Referring  to  Fig.  5  in  which  the  misfire  is  detected 
by  the  peak  value  detector  means  according  to  a  third 
embodiment  of  the  invention,  it  is  observed  that  the 
voltage  across  the  spark  plug  electrodes  can  be  de- 
termined  by  detecting  the  voltage  across  the  primary 
circuit  of  the  ignition  coils  1,  2  in  the  ignition  device 
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(DLI)  101.  In  this  instance,  the  voltage  detector  circuit 
6  detects  in  the  primary  circuit  the  total  sum  of  the  vol- 
tage  level  appeared  in  the  spark  plug  of  which  cylin- 
der  is  in  the  explosion  stroke,  and  the  voltage  level 
appeared  in  the  spark  plug  of  which  cylinder  is  in  the  5 
exhaust  stroke.  The  former  voltage  level  significantly 
changes  depending  on  whether  or  not  the  misfire  oc- 
curs  as  opposed  against  the  latter  voltage  which  is 
maintained  stable.  Therefore,  whether  or  not  the  mis- 
fire  occurs  is  readily  determined  depending  on  the  10 
voltage  level  across  the  primary  circuit  of  the  ignition 
coils  1  ,  2. 

Fig.  6  shows  a  fourth  embodiment  of  the  inven- 
tion  in  which  a  misfire  detector  device  200  is  incorpo- 
rated  into  an  internal  combustion  engine.  The  misfire  15 
detector  device  200  has  an  ignition  device  210,  a  mis- 
fire  detection  device  220  and  a  sensor  device  250.  In 
the  ignition  device  21  0,  numeral  201  designates  an  ig- 
nition  coil,  numeral  202  a  distributor,  numeral  203  a 
spark  plug  installed  in  a  respective  cylinder,  numeral  20 
241  a  switching  transistor  element,  numeral  242  a  sig- 
nal  generator.  To  each  of  the  spark  plugs,  a  high  vol- 
tage  is  applied  through  a  secondary  coil  211  of  the  ig- 
nition  coil  201  and  the  distributor  202  with  a  vehicular 
battery  cell  V1  as  a  power  source.  25 

The  sensor  device  250  which  detects  a  voltage 
across  the  spark  plug  electrodes  has  a  high  voltage 
side  capacitor  251  and  a  low  voltage  side  capacitor 
252.  The  high  voltage  side  capacitor  251  is  provided 
by  placing  a  conductor  probe  around  a  plug  cable  Pc  30 
connecting  the  secondary  coil  211  to  the  distributor 
202.  The  low  voltage  side  capacitor  252  is  connected 
in  series  with  the  high  voltage  side  capacitor  251  so 
as  to  form  a  voltage  divider  circuit  which  divides  the 
voltage  across  the  spark  plug  electrodes  according  to  35 
the  ratio  of  two  capacitors  251,  252.  In  parallel  with 
the  capacitor  252,  a  resistor  253  is  connected  to  form 
a  RC  path.  The  high  voltage  side  capacitor  251  has  1 
pF  static  capacity,  while  the  low  voltage  side  capaci- 
tor  252  has  3000  pF  static  capacity.  This  numerical  40 
arrangement  divides  the  voltage  across  the  spark 
plug  electrodes  by  1/3000  so  as  to  reduce  maximum 
30000  V  to  the  order  of  10  V.  Since  the  frequency 
component  of  a  peak  voltage  is  10  kHz,  the  magni- 
tude  of  the  resistor  is  e.g.  500  kQ  to  accurately  detect  45 
the  peak  voltage  with  taking  an  impedance  (approx. 
5.3  kQ)  of  the  capacitor  252  into  consideration. 

The  misfire  detector  device  220  is  comprised  with 
a  microcomputer  as  a  main  structure  as  shown  in  Fig. 
7.  The  misfire  detector  device  220  has  a  peak  voltage  50 
detector  portion  221,  a  peak  average  calculation  por- 
tion  222,  a  distinction  level  determining  portion  223, 
an  individual  cylinder  comparator  portion  224,  an 
average  value  averaging  portion  225,  a  cylinder  com- 
parator  portion  226,  a  misfire  distinction  portion  230  55 
and  other  accessory  device. 

When  the  peak  hold  circuit  holds  a  detection  sig- 
nal  from  the  sensor  device  250  immediately  after  the 

end  of  the  spark  action  of  the  spark  plug,  the  peak 
voltage  detector  portion  221  detects  the  detection 
signal  as  a  peak  voltage  after  the  end  of  the  spark  ac- 
tion,  and  dividing  the  peak  voltage  into  four  types  of 
peak  voltage  signal  in  accordance  with  the  number  of 
cylinder  on  the  basis  of  the  time  division  correspond- 
ing  to  the  timing  signal  in  which  the  signal  generator 
242  sends  to  apply  the  spark  discharge  voltage 
across  the  spark  plug  electrodes  the  cylinder  of  the 
internal  combustion  engine. 

The  peak  average  calculation  portion  222  individ- 
ually  calculates  a  peak  voltage  average  value  in  each 
cylinder  on  the  basis  of  the  peak  voltage  signal  divid- 
ed  by  t  he  peak  voltage  detector  portion  22  1  .  1  n  calcu- 
lating  the  peak  voltage  average  value  in  each  cylinder 
of  the  internal  combustion  engine,  it  is  calculated  by 
in  turn  adding  e.g.  1/20  of  the  peak  voltage  signals  af- 
ter  the  end  of  e.g.  twenty  times  of  the  spark  actions. 
Upon  an  entry  of  a  newly  added  signal,  the  oldest  sig- 
nal  is  canselled  to  obtain  ever  renewal  peak  voltage 
average  value  (method  of  running  average). 

The  distinction  level  determining  portion  223  de- 
termines  a  distinction  level  in  each  cylinder  on  the  ba- 
sis  of  the  peak  voltage  average  value  detected  by  the 
peak  average  calculation  portion  222.  The  distinction 
level  corresponds  to  the  peak  voltage  average  value 
multiplied  by  a  constant  number. 

The  individual  cylinder  comparator  portion  224 
compares  the  peak  voltage  signal  to  the  distinction 
level  obtained  by  the  distinction  level  determining 
portion  223,  and  producing  a  pulse  signal  according 
to  the  comparison  result.  In  this  instance,  it  produces 
a  high  level  signal  according  to  the  ignition  timing 
while  maintaining  the  peak  voltage  signal  higherthan 
the  distinction  level  due  to  the  misfire  in  each  cylin- 
der.  The  distinction  level  determining  portion  223  pro- 
duces  a  low  level  signal  according  to  the  ignition  tim- 
ing  while  maintaining  the  peak  voltage  signal  lower 
than  the  distinction  level  due  to  the  normal  combus- 
tion  in  each  cylinder. 

The  average  value  averaging  portion  225  further 
averages  the  peak  voltage  average  value  of  each  cy- 
linder  except  a  specified  one  in  which  the  misfire  is 
to  be  detected  in  order  to  obtain  a  comparative  aver- 
age  value  so  as  to  compare  the  peak  voltage  average 
value  of  each  cylinderwith  that  of  the  specified  cylin- 
der.  The  comparative  average  value  is  determined  by 
constant  times  of  an  average  of  the  peak  voltage 
average  value  of  each  cylinder  except  the  specified 
one  in  which  the  misfire  is  to  be  detected.  The  aver- 
age  value  averaging  portion  225  is  independently  ac- 
tivated  once  every  100  times  of  the  spark  actions  in 
each  cylinder  by  way  of  illustration. 

The  cylinder  comparator  portion  226  compares 
the  peak  voltage  average  value  of  the  specified  cy- 
linderwith  the  comparative  average  value  of  other  cy- 
linders  so  as  to  a  pulse  signal  according  to  the  com- 
parison  result.  When  the  peak  voltage  average  value 
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of  the  specified  cylinder  significantly  exceeds  an 
average  of  the  peak  voltage  average  value  of  other 
cylinders,  it  is  assumed  that  the  misfire  consecutively 
occurs  in  the  specified  cylinder  of  the  internal  com- 
bustion  engine.  Therefore,  the  cylinder  comparator 
portion  226  produces  a  high  level  pulse  signal  when 
the  misfire  is  detected  in  the  specified  cylinder  by  the 
peak  voltage  signal  divided  by  the  peak  voltage  de- 
tector  portion  221. 

The  misfire  distinction  portion  230  determines  in 
what  cylinder  the  misfire  occurs  by  the  high  level 
pulse  signal  produced  from  the  individual  cylinder 
comparator  portion  224  or  the  cylinder  comparator 
portion  226,  and  informing  the  operator  of  the  misfire 
cylinder  through  a  flicker  lamp  or  the  like.  It  is  noted 
that  the  misfire  cylinder  may  be  informed  by  memor- 
izing  it  on  an  engine  computer. 

It  is  possible  to  specify  the  mifire  cylinder  be- 
cause  the  timing  of  the  pulse  signal  of  the  misfire  dis- 
tinction  portion  230  corresponds  to  the  respective  cy- 
linder  of  the  internal  combustion  engine. 

With  the  structure  thus  described,  the  switching 
transistor  element  241  is  on-off  actuated  by  the  igni- 
tion  timing  signal  produced  from  the  signal  generator 
242  to  draw  a  pulse-like  primary  current  in  the  pri- 
mary  circuit  of  the  ignition  coil  201  .  The  pulse-like  pri- 
mary  current  induces  a  high  voltage  in  the  secondary 
coil  211  so  as  to  initiate  the  spark  action  across  spark 
plug  electrodes  203a,  203b.  Following  the  initiation  of 
the  spark  action,  the  inductive  discharge  accompa- 
nies.  The  duration  of  the  spark  action  sustains  by  the 
time  period  corresponding  to  the  revolution  speed  of 
the  internal  combustion  engine,  and  ends  with  the  de- 
crease  of  an  electrical  energy  stored  in  the  ignition 
coil  201. 

After  the  end  of  the  spark  action,  the  voltage 
across  the  spark  plug  electrodes  203a,  203b  rises, 
and  culminates  a  maxmium  voltage  (2~3  kV  at  low 
speed,  5~8  kV  at  high  speed)  by  the  energy  stored 
in  the  ignition  coil  201. 

In  the  misfire  detector  device  220,  the  detection 
voltage  from  the  sensor  device  250  is  peak  held  after 
the  end  of  the  spark  action,  and  the  peak-held  detec- 
tion  voltage  is  divided  according  to  the  ignition  timing 
signal  so  as  to  form  the  peak  voltage  signal  of  each 
cylinder.  By  using  the  running  average,  the  peak  vol- 
tage  average  value  is  calculated  in  each  cylinder  so 
as  to  determine  the  distinction  level  in  each  cylinder 
on  the  basis  of  the  peak  voltage  average  value. 

The  voltage  across  the  spark  plug  electrodes 
203a,  203b  lengthens  the  discharge  time  period  after 
the  end  of  the  spark  action  so  as  to  present  the  low 
peak  voltage  due  to  small  energy  reserved  in  the  ig- 
nition  coil  when  the  normal  combustion  occurs  in  the 
cylinder.  Meanwhile,  the  voltage  across  the  spark 
plug  electrodes  203a,  203b  shorten  the  discharge 
time  period  after  the  end  of  the  spark  action  so  as  to 
present  the  high  peak  voltage  due  to  greater  energy 

reserved  in  the  ignition  coil  when  the  misfire  occurs 
in  the  cylinder.  When  the  peak  voltage  signal  is  higher 
than  the  distinction  level  because  of  the  misfire  oc- 
curred  in  the  cylinder,  the  individual  cylinder  compar- 

5  ator  portion  224  produces  the  high  level  pulse  signal 
in  accordance  with  the  ignition  timing  of  the  cylinder. 

Upon  the  normal  combustion  in  the  cylinder  of 
the  internal  combustion  engine,  the  individual  cylin- 
der  comparator  portion  224  produces  the  low  level 

10  pulse  signal  in  accordance  with  the  ignition  timing  of 
the  cylinder.  Therefore,  it  is  possible  to  specify  in  what 
cylinder  the  misfire  occurs  because  the  high  level 
pulse  signal  from  the  misfire  detector  portion  230  is 
in  accordance  with  the  ignition  timing  of  each  cylin- 

15  der. 
In  the  case  in  which  the  misfire  consecutively  oc- 

curs  only  in  a  specified  cylinder  during  repeatedly  car- 
rying  out  a  multitude  of  spark  actions  across  the 
spark  plug  electrodes  203a,  203b,  it  may  be  difficult 

20  to  compare  the  respective  peak  voltage  signals  be- 
cause  the  high  peak  voltage  signal  is  consecutively 
maintained. 

However,  the  peak  voltage  average  value  be- 
comes  exceedingly  high  in  the  cylinder  in  which  the 

25  misfire  occurs  consecutively,  as  opposed  against  the 
peak  voltage  average  value  the  other  cylinders.  This 
makes  it  possible  to  distinguish  the  peak  voltage 
average  value  in  the  misfire  cylinder  from  that  of 
other  cylinders.  The  cylinder  comparator  portion  226 

30  produces  the  high  level  pulse  signal  to  designate  in 
what  cylinder  the  misfire  occurs. 

Fig.  8  shows  an  incidence  distribution  of  the  peak 
voltage  signal  concerning  to  the  normal  combustion 
and  the  misfire  by  broken  lines  and  solid  line  respec- 

35  tively.  In  Fig.  8,  the  distinction  level  is  designated  by 
phantom  lines  a,  b,  c,  d  which  in  turn  correspond  to 
the  cylinders  H1  ~  H4. 

According  to  the  invention,  it  is  possible  to  cor- 
rectly  (approx.  1  00  %)  distinguish  the:misf  ire  from  the 

40  normal  combustion  because  the  distinction  level  is 
determined  individually  depending  on  the  cylinders 
H1  ~  H4.  In  the  prior  art  in  which  the  distinction  level 
is  predetermined  uniquely  to  the  internal  combustion 
engine,  it  is  only  possible  to  detect  the  misfire  by  the 

45  probability  of  approx.  50  %  because  it  is  necessary  to 
arrange  the  distinction  level  as  shown  at  (Po)  in  Fig. 
8. 

As  apparent  from  the  foregoing  description,  the 
misfire  distinction  level  is  individually  determined  de- 

50  pending  on  the  cylinders,  it  is  possible  to  make  each 
of  the  distinction  levels  pertain  to  the  geometrical 
configuration  of  the  electrode,  the  spark  gap  and 
swirl  current  in  each  cylinder.  As  a  result,  it  is  possible 
to  precisely  detect  whether  or  not  the  misfire  occurs 

55  by  comparing  the  respective  distinction  level  (refer- 
ence  value)  to  the  peak  voltage  in  each  cylinder  of  the 
internal  combustion  engine. 

It  is  noted  that  resistors  may  be  used  in  a  primary 
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circuit  212  to  form  a  voltage  divider  probe  so  as  to  de- 
tect  the  voltage  across  the  spark  plug  electrodes 
203a,  203b  instead  of  the  sensor  device  250  although 
the  sensor  device  250  is  provided  in  the  secondary 
coil  211  of  the  ignition  coil  201  in  the  fourth  embodi-  5 
ment  of  the  invention. 

It  is  noted  that  the  crank  sensor  may  be  provided 
in  the  circuit  shown  in  Fig.  6,  and  the  misfire  is  deter- 
mined  on  the  basis  of  eitherthe  peak  voltage  detector 
means  or  a  crank  angle  variation  degree  detected  by  10 
the  crank  sensor. 

While  the  invention  has  been  described  with  ref- 
erence  to  the  specific  embodiments,  it  is  understood 
that  this  description  is  not  to  be  construed  in  a  limiting 
sense  in  as  much  as  various  modifications  and  addi-  15 
tions  to  the  specific  embodiments  may  be  made  by 
skilled  artisan  without  departing  from  the  scope  of 
the  invention. 

Claims 

1  .  A  misfire  detector  device  for  an  internal  combus- 
tion  engine,  comprising: 

an  ignition  coil  for  on-off  activation  by  a  pri-  25 
mary  current  interrupter  circuit,  the  ignition  coil 
being  for  connection  to  a  spark  plug  installed  in 
the  or  each  cylinder  of  an  internal  combustion  en- 
gine; 

a  peak  voltage  detector  means  for  detect-  30 
ing  the  peak  voltage  arising  across  the  elec- 
trode^)  of  the  spark  plug(s)  after  sparking; 

a  peak  voltage  value  distinction  means  for 
recognising  misfire  when  a  voltage  level  detected 
by  the  peak  voltage  detector  means  exceeds  a  35 
predetermined  level  after  sparking; 

a  crankangle  sensor  for  sensing  the  angle 
of  the  crank  shaft  of  the  internal  combustion  en- 
gine;  and 

a  crank  angle  variation  distinction  means  40 
for  recognising  misfire  on  the  basis  of  the  varia- 
tion  of  angles  detected  by  the  crankangle  sensor; 

the  misfire  detector  device  being  adapted 
to  indicate  on  the  basis  of  the  peak  voltage  dis- 
tinction  means  and/or  the  crank  angle  variation  45 
distinction  means. 

2.  A  misfire  detector  device  according  to  claim  1  , 
wherein  a  dual-polarity  type  distributorless  ignit- 
er  is  provided  in  which  each  end  of  secondary  cir-  so 
cuit  of  the  ignition  coil  is  connected  to  a  spark 
plug,  and  the  peak  voltage  value  distinction  is 
adapted  to  recognise  misfire  by  comparing  a  vol- 
tage  level  detected  by  the  peak  voltage  detector 
means  after  sparking  to  a  voltage  level  arising 
across  the  spark  plug  of  a  cylinder  which  is  in  an 
exhaust  stroke  after  sparking  when  a  difference 
of  the  two  voltage  levels  exceeds  a  predeter- 

mined  value. 

3.  A  misfire  detector  device  according  to  claim  1  or 
2,  wherein  the  peak  value  distinction  means  is 

5  adapted  to  recognise  misfire  by  comparing  the 
voltage  level  detected  by  the  peak  voltage  detec- 
tor  means  after  sparking  of  the  same  spark  plug 
in  a  cylinder  is  in  a  compression  stroke  to  a  vol- 
tage  level  detected  in  the  secondary  circuit  after 

10  sparking  of  the  spark  plug  of  a  cylinder  is  in  the 
exhaust  stroke  following  compression  stroke  and 
expansion  strokes,  when  a  difference  of  the  two 
voltage  levels  exceeds  a  predetermined  value. 

15  4.  A  misfire  detector  device  according  to  claim  2, 
wherein  the  peak  voltage  value  distinction  means 
is  adjusted  to  recognise  misfire  by  comparing  the 
voltage  level  detected  by  the  peak  voltage  detec- 
tor  means  after  sparking  of  the  spark  plug  of  acy- 

20  linder  which  is  in  a  compression  stroke  to  a  vol- 
tage  level  detected  after  sparking  of  the  spark 
plug  of  a  cylinder  which  is  in  the  exhaust  stroke 
in  synchronization  with  the  compression  stroke  at 
the  time  when  a  difference  of  the  two  stepped-up 

25  voltage  levels  exceeds  a  predetermined  value. 

5.  A  misfire  detector  device  for  an  internal  combus- 
tion  engine,  comprising: 

an  igniter  having  an  ignition  coil 
30  adapted  to  be  on-off  activated  by  a  primary  cur- 

rent  interrupter  circuit,  the  ignition  coil  being  con- 
nected  to  respective  spark  plugs  installed  in  each 
cylinder  of  an  internal  combustion  engine; 

a  peak  voltage  detector  means  for  detect- 
35  ing  a  peak  voltage  across  electrodes  of  a  said 

spark  plug  after  sparking  of  the  spark  plug; 
a  peak  voltage  average  means  for  individ- 

ually  determining  an  average  value  of  the  peak 
voltages  detected  by  the  peak  voltage  detector 

40  means  in  each  cylinder  of  the  internal  combustion 
engine  after  a  plurality  of  the  sparkactions  by  the 
spark  plugs; 

a  reference  value  determining  means  for 
individually  determining  a  reference  value  for 

45  each  cylinder  of  the  internal  combustion  engine 
on  the  basis  of  the  average  value  determined  by 
the  peak  voltage  average  means;  and 

a  comparator  means  which  compares  the 
peak  voltage  individually  detected  by  the  peak 

so  voltage  detector  means  with  the  reference  value 
individually  determined  by  the  reference  value 
determining  means  so  as  to  detect  misfires  in 
each  cylinder  of  the  internal  combustion  engine. 

55  6.  A  misfire  detector  device  for  an  internal  combus- 
tion  engine  comprising: 

an  igniter  having  an  ignition  coil  adapted  to 
be  on-off  activated  by  a  primary  current  interrup- 
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tor  circuit,  the  ignition  coil  being  connected  to  re- 
spective  spark  plugs  installed  in  cylinders  of  an 
internal  combustion  engine; 

a  peak  voltage  detector  means  for  detect- 
ing  peak  voltages  across  electrodes  of  the  spark  5 
plugs  after  sparking  by  the  spark  plugs; 

a  peak  voltage  average  means  for  individ- 
ually  determining  an  average  value  of  the  peak 
voltages  detected  by  the  peak  voltage  detector 
means  in  each  cylinder  of  the  internal  combustion  10 
engine  after  a  plurality  of  sparkings  of  the  spark 
plugs; 

an  average  value  averaging  means  for  de- 
riving  average  values  of  the  peak  voltages  for  a 
plurality  of  the  cylinders  excluding  a  specified  cy-  15 
linder  so  as  to  obtain  a  comparative  average  val- 
ue; 

a  comparator  means  for  individually  com- 
paring  the  average  value  of  the  specified  cylinder 
determined  by  the  peak  voltage  average  means  20 
to  the  comparative  average  value  of  the  average 
value  averaging  means  so  as  to  detect  a  misfire. 

7.  A  misfire  detector  device  according  to  claim  5  or 
6  further  comprising  a  crank  angle  variation  sen-  25 
sor  so  that  misfire  may  be  detected  on  the  basis 
of  the  crank  angle  variation  degree  and/or  said 
peak  voltage  detector  means. 

8.  A  misfire  detector  device  according  to  claim  1  or  30 
7,  wherein  said  peak  voltage  detector  means  are 
provided  in  a  side  of  the  primary  circuit  of  the  ig- 
nition  coil. 
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